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TURF 


EVENT  DESCRIPTION 

DATE:  24  April  1964 

TIME  OF  ORIGIN:  20:10: 00. 2Z 

YIELD: 

MAGNITUDE:  4.95  -  0.35 

LOCATION: 

Site:  Nevada  Test  Site 
Geographic  Coordinates: 

Lat:  37°08 ' 59"  N 

Long:  116°03,19"  W 

ENVIRONMENT: 

Geologic  Medium: 

Surface  Elevation: 

Shot  Elevation: 

Shot  Depth: 

COMPUTED  EPICENTER:  All  Stations 

Geographic  Coordinates: 

Lat:  37° 04 ' 48"  N 

Long:  116°14'38"  W 

Time  cf  Origin:  20:10:04. 8Z 

Depth :  44.9  km 

Epicenter  Shift:  18.3  km,  N  246°  E 


Alluvium 
4260  Feet 
2587  Feet 
1673  Feet 
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Station  Status  Report  -  TURF 
Table  1 


Recording  Stations  and  Signals  Received 


Introduction 


A  long  range  seismic  measurements  (LRSM)  program  was 
established  under  VELA-UNIFORM  to  record  and  analyze  short- 
period  and  long-period  data  from  a  plcnned  series  of  U.  S. 
underground  nuclear  tests.  These,  and  other  data,  will  be 
used  by  VELA-UNIFORM  participants  for  studying  and  develop¬ 
ing  methods  for  distinguishing  between  explosive  and 
eai  .hquake  sources. 

The  purpose  of  this  report  is  to  provide  an  analysis 
of  data  resulting  from  the  TURF  event  from  the  LRSM  fixm 
seismograms  from  operating  mobile  field  teams;  Wichita 
Mountain  Observatory,  Oklahoma  (WMSO) ,  Uinta  Basin  Observa¬ 
tory,  Utah  (UBSO) ,  Blue  Mountain  Observatory,  Oregon  (BMSO), 
Cumberland  Plateau  Observatory,  Tennessee  (CPSO) ,  and  Tonto 
Forest  Observatory,  Arizona  (TFSO);  and  from  several  experi¬ 
mental  or  temporary  stations  operated  in  connection  with 
other  research  programs. 

Instrumentation  and  Procedure 

Instrumentation  at  each  of  the  mobile  stations  con¬ 
sists  of  three-component  short-period  Benioff  and  three- 
component  Sprengnether  long-period  seismographs.  Data  are 
recorded  on  3S  millimecer  film  and  on  one-inch  14-channel 
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magnetic  tape.  Ail  of  these  stations  are  equipped  to  record 
WWV  continuously  in  order  to  provide  accurate  time  control. 
Calibration  is  accomplished  once  each  day  and  just  prior  to 
each  slot  at  operating  settings.  Specific  details  of  the 
instrumentation  and  operating  procedures  for  these  stations 
are  given  in  Field  Manual,  Long  Range  Seismic  Measuiement 
Program,  Technical  Report  No.  63-17,  which  can  be  obtained 
from  the  Geotech  Division  of  Teledyne  Industries,  Inc., 

Dallas,  Texas.  All  the  observatories  have  both  long-period 
and  short -period,  three-component  instrumentation  in  ad¬ 
dition  to  their  other  specialized  facilities. 

Station  site  information  is  presented  in  Appendix 
1(A).  This  includes  the  station  name  and  code;  the  geo¬ 
graphic  coordinates,  distances  and  azimuths  involved;  the 
station  elevations;  and  the  type  of  instruments  in  use  at 
each  locat ion . 

A  status  report  for  TURF  is  included  in  Table  1, 
placed  opposite  the  operations  map,  Figure  1.  This  report 
gives  the  names  of  43  stations  and  indicates  *.iich  instru 
ments  were  operational  and  which  recorded  usable  signals. 

An  explanation  of  the  procedure  for  amplitude  measure¬ 
ments  used  in  this  report  is  illustrated  in  Appendix  II. 
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The  unified  magnitude  (m)  computations  for  distances  less 
than  16°  are  based  on  AFTAC/VSC  extensions  of  Gutenberg's 
Tables*.  For  this  purpose,  points  from  10°  to  16°  were  read 
from  a  curve  in  the  Gutenberg-Richter  paper  and  an  inverse 
cube  relationship  was  used  to  extrapolate  from  two  to  ten 
degrees.  A  table  of  the  distance  factors  (B)  is  provided  in 
Appendix  1(B). 

Appendix  III  quotes  the  Technical  Working  Group  II 
(TWG  II)  first  motion  criteria,  and  includes  diagrams  illus¬ 
trating  the  elements  involved  in  determining  a  compression 
or  rarefaction  where  satisfactory  measurements  can  be  made. 

A  standard  hypocenter  location  program  for  a  digital 
computer  has  been  used  to  determine  the  location  using  data 
from  all  stations  analyzed.  Best-fit  values  of  latitude, 
longitude,  depth  of  focus,  and  time  of  origin  are  determined 
statistically  by  a  least  squares  technique.  This  utilizes 
a  Jef freys-Bullen  travel-time  curve  as  modified  by  Herrin  in 
1961  on  the  basis  jf  Pacific  surface-focus  recordings.  Pre¬ 
cision  of  thF  computation  is  limited  primarily  by  the  accuracy 
of  arrival  times,  the  validity  of  the  standard  travel-time 

-  4  - 


♦Gutenberg,  B.  and  Richter,  C.  F.,  Magnitude  and  Energy  of 
Earthquakes,  Ann.  Geofis.,  9  (19^6),  pp.  1-15. 


curve,  and  by  local  velocity  deviations.  Since  the  method 


is  based  on  P  wave  arrivals,  this  particular  program  does 
not  make  use  of  later  phases  such  as  pP  and  S  in  the  de¬ 
termination  e*  depth  or  location.  Results  are  shown  on  the 
Event  Description  page. 

Data  and  Results 

Table  2  summarizes  the  measurements  made  o.:  the  princi¬ 
pal  phases  from  the  TURF  e^ent .  Included  are  -he  Pn  and  P 
arrival  times,  the  maximum  amplitudes  (A/T)  of  Pn  or  P  and 
Pg  motion  as  seen  on  the  short-period  vertical  instruments, 
and  the  maximum  amplitudes  (A/T)  of  the  Lg  phase  as  measured 
on  the  short -period  horizontal  tangential  component.  Long- 
period  Love  and  Rayleigh  wave  motion  are  also  tabulated  in 
(A/T)  form.  Thirty-six  stations  recorded  short -period 
signals.  Long-period  signals  from  this  event  were  recorded 
by  thirty-two  stations. 

In  addition,  Table  2  and  Figure  2  show  the  unified 
magnitudes  (m)  where  measurable.  The  average  magnitude  for 
TURF  is  4.95.  Six  stations  show  ^ompressional  first  motion 
as  defined  by  the  First  Motion  Criteria  (TWG  II). 

The  travel -time  residuals  from  the  Pn  and  P  phase  are 
within  the  usual  limits  (see  Figure  3).  The  amplitudes  of 


Pn  and  P,  Pg  and  Lg  are  shown  in  Figures  4,  5  and  6.  Lines 
proportional  to  the  inverse  cube  of  the  distance  visually 
fitted  through  the  observed  points  are  shown  on  these  graphs. 
Love  and  Rayleigh  wave  amplitudes  are  shown  in  Figures  7 
and  8 . 

Attached  to  the  report  are  illustrative  seismograms 
showing  the  signals  recorded  at  a  number  of  locations.  The 
most  distant  station  analyzed  that  recorded  TURF  was  GG-GR 
at  a  distance  of  9094  kilometers. 
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Unified  Magnitude:  m  =  log1 ^  (A/T),  +  B 

where  A  =  zero  to  peak  ground  motion  in  millimicrons 

=  (mm)  (1000) 

K 

T  =  signal  period  in  seconds 
B  =  distance  factor  (see  Table  below) 
mm  =  record  amplitude  in  millimeters  zero  to 
peak 

K  =  magnification  in  thousands  at  signal 
frequency 
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Maximum 


Maximum 


Detail  Showing  Allowance 
For  Line  Width 


Pick  time  of  ,Pn  at  beginning  of  "a"  half  cycle. 

Pick  amplitude  of  Pn  as  maximum  "d/-"  within  2  or  3  cycles  of  "c". 
Pick  amplitudes  of  Pg  and  Lg  at  maximum  of  corresponding  motion. 


Seismic  Analysis  Diagram 
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FIRST  MOTION  CRITERIA 
TECHNICAL  WORKING  GROUP  II  (TWG  II) 


Excerpt  from  Appendices  to  Hearings  before  the  Special  Subcommittee 
on  Radiation  and  the  Subcommittee  on  Research  and  Development  of  the 
Joint  Committee  on  Atomic  Energy;  86th  Cong.,  2d  Sess. ;  April  19-22, 

1960;  on  Technical  Aspects  of  Detection  and  Inspection  Controls  of  a 
Nuclear  Weapons  Test  Ban;  Part  2  of  2  Parts,  pp  632-633: 

“2.  Identification  of  Earthquakes 

A  located  seismic  event  shall  be  ineligible  for  inspection  if,  ant. 
only  if,  it  fulfills  one  or  more  of  the  following  criteria: 

a.  Its  depth  of  focus  is  established  as  below  60  kilometers; 

b.  Its  epicentral  location  is  established  to  be  in  the  deep  open 
ocean  and  the  event  is  unaccompanied  by  a  hydroacoustic  signal  consistent 
with  the  seismic  epicenter  and  origin  time; 

* #c.  it  is  established  within  48  hours  to  be  a  foreshock  by  the 
occurrence  of  a  larger  event  ••.'!  at  least  magnitude  6  whose  epicenter 
coincides  with  that  of  the  given  event  within  the  accuracy  of  the 
determination  of  the  two  epicenters.  The  eligibility  of  the  second 
event  for  inspection  must  be  determined  separately. 

d.  The  directions  of  clearly  recorded  first  motions  define  a 
pattern  which  strongly  indicates  a  faulting  source.  First  motions 
recorded  at  distances  between  1100  kilometers  and  2500  kilometers  will 
not  be  used.  First  motions  beyond  3500  kilometers  will  not  be  used  for 
events  of  magnitude  smaller  than  5.5.  The  apparent  direction  of  first 
motion  must  also  meet  both  the  following  minimum  conditions  to  be 
considered  to  be  clearly  recorded: 

(1)  The  amplitude  of  the  half-cycle  of  apparent  first  motion 
is  at  least  two  (2)  times  as  large  as  any  half-cycle  of  apparent  noise 
in  the  preceding  few  minutes,  and 

(2)  The  largest  of  the  amplitudes  of  the  half-cycle  of 
apparent  first  motion  and  the  two  immediately  following  half-cycles: 

(a)  at  epicentral  distances  less  than  700  kilometers  is 
twenty  (20)  times  larger  than  any  half-cycle  of  noise  in  the  preceding 
few  minutes; 


(b)  at  epicentral  distances  more  than  700  kilometers  is 
forty  (40)  times  larger  than  any  half-cycle  of  noise  in  the  preceding 
few  minutes. 

A  pattern  of  clearly  recorded  first  motions  strongly  indicates  a 
faulting  source  if  the  observed  motions,  extended  backward  to  a  small 
sphere  about  the  focus,  can  be  separated  into  alternate  quadrants  by 
two  orthogonal  great  circles  drawn  on  the  small  sphere,  with  the 
requirement  that  two  opposite  quadrants  combined  (i)  contain  at  least 
4  clearly  recorded  raref active  first  motions  and  (ii)  contain  not 
more  than  15%  compressions  among  the  clearly  recorded  first  motions." 


Appendix  111 

-1- 


Application  of  the  TWG  II  Criteria 


5.  Not  applicable 

Am 


A  <  700  Km 
Amplitude  of  first 
3  half-cycles  is  less 
than  20  times  noise. 
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